This study examined the mathematical understandings and beliefs held by preservice elementary teachers in a mathematics methods course taken as part of a one year teacher certification program, and reexamined these characteristics at the end of the course. The notion of 'understanding mathematics for teaching' was examined in a way that might begin to support the work of mathematics educators working with such preservice teacher candidates. Preservice teacher beliefs about what is important in mathematics learning and therefore the teaching of it are examined along with mathematics understanding at both procedural and conceptual levels. The goal was to shed some light on how initial understanding and beliefs about mathematics teaching co-exist, and how these might develop during a preservice teacher education program.
characteristics are re-examined at the end of the course. An initial framework is suggested for the purpose of beginning to unpack the notion of "understanding mathematics for teaching" in a way that might support the work of mathematics educators working with such preservice teacher candidates. In the study, preservice teacher beliefs about what is important in mathematics learning and teaching are examined alongside mathematical understandings at procedural and conceptual levels. This study draws on notions of understanding mathematics for teaching based on the work of Ma (1999) , Ball & Bass (2000) , and Ball et al. (2005) .
Background

Framework
This study is grounded in adult learning principles such as the need to consider participants' self-concerns (Loucks-Horsley, 1996) and underlying values and beliefs (Kiely, Sandmann, Truluck, 2004) which include making available the reasons for learning (Schmitt & Safford-Ramus, 2001 ), encouraging active participation in learning (Kiely et al.) , and encouraging self-reflection (Gusky, 2000 (Gusky, , 2003 . In my experience, preservice teachers may be insecure about their mathematical understandings and hence their self-concerns can be particularly overwhelming. Yet their initial enthusiasm and desire to become good teachers provides a strong motivation to invest energy in their own mathematical development if they see the need to do so, and thus preservice teachers may in fact be critically poised for a transformative experience as described by Kiely et al.. Making use of such golden moments may be crucial in the development of highly effective teachers of mathematics.
Understanding Mathematics for Teaching
It is well documented that effective reform-based classrooms require deeper and broader understanding of mathematics on the part of teachers (Adler & Davis, 2006; Ball, 1990 Ball, , 1991 Ball, , 1996 Ball, , 2000 Ball, & 2003 Ball et al., 2005; Hill & Ball, 2004; Greenwald, Hedges & Laine, 1996) . Such knowledge is important in teaching for understanding (Ball, 1996) . In Ma's (1999) landmark study, in-service teachers' understanding of mathematics was probed in individual cases. It was found that many US teachers were in fact able to calculate correct answers to elementary mathematical questions, but were not able to explain why the methods worked, or give an example or problem that showed their understanding of the procedure. Ma's study shows in detail how teachers may be reasonably proficient in basic mathematical procedures such as, for example, methods of multiplication or division of fractions or integers, yet may be completely unable to explain, show or justify why such methods work, which are the "profound understandings" (Ma) needed for effective teaching. Preservice elementary teacher candidates generally arrive in methods courses with largely procedural understandings of the subject (Ambrose, 2004) . Since research suggests that building a conceptual understanding after a procedural approach has been encouraged can be a challenge for learners (Hiebert, 1999) , it is necessary for participants to be deeply committed to the process and its importance.
Ball and her colleagues (for example, Ball & Bass, 2000) have further investigated the concept of mathematical understanding for teaching. Such understanding requires teachers to be able to "unpack" previously held mathematical ideas in a way that supports their teaching in classrooms (Ball, 1991; Ball et al., 2005) . Unpacked conceptually based understanding may not be something preservice teachers have had an opportunity to previously develop (Kajander, 2005) .
Teachers' understanding must be conceptual in nature to allow teachers to probe student understanding, comprehend multiple student solutions and methods, and provide powerful classroom models (Hill et al., 2004) . Hence, if preservice teachers arrive in teacher education programs with mathematical understandings that are largely traditional and procedural as has been suggested (Ambrose, 2004) , important challenges must be faced in methods courses.
Procedural and Conceptual Knowledge
The relationship between procedural knowledge and conceptual knowledge is important in studying knowledge of mathematics for teaching (Ambrose, 2004; Hiebert, 1999; Hill et al., 2004; Lloyd & Wilson, 1998; McCormick, 1997; Rittle-Johnson & Kroedinger, 2002) , and unpacking procedural knowledge to support the development of deeper conceptual knowledge is a particular challenge at the preservice level (Adler & Davis, 2006) .
Procedural knowledge may be thought of as a sequence of actions while conceptual knowledge is knowledge that is rich in relationships (Hiebert, 1992; McCormick, 1997) , for example the relationship between appropriate physical materials such as classroom manipulatives, and written symbols such as algebraic notation. Procedural knowledge has also been described as referring to computational skills, while conceptual knowledge refers to understanding the underlying mathematical structure (Eisenhart et al., 1993) . Ideally, teachers should see procedural skill and conceptual understanding as interrelated (Ambrose, 2004) . Deep procedural knowledge might ultimately be connected to comprehension, flexibility and critical judgment (Star, 2005) . However for the purposes of this initial discussion I will assume Hiebert's (1992) interpretation of procedural knowledge as it may describe the type of mathematical preparation typically held by incoming preservice teachers with traditional backgrounds.
Connections to beliefs and values
Deepened knowledge alone may not be sufficient for teachers to choose to teach differently from the ways in which they initially learned mathematics themselves; beliefs also appear to play a role (Ambrose, 2004; Foss, 2000; Raymond, 1997; Stipek, Givvin, Salmon, MacGyvers, 2001) . Beliefs may be thought of as "the ideas people are committed to. Sometimes called core values … beliefs shape ones' ways of perceiving and acting. …They shape goals, drive decisions, create discomfort when violated, and stimulate on-going critique" (Loucks-Horsley, Love, Stiles, Mundry & Hewson, 2003, p.7) .
Beliefs about the nature of learning, or epistemological beliefs, have been linked to academic learning (Schommer-Aikins, Duell & Hutter, 2005) . Schoenfeld (1983 Schoenfeld ( , 1985 also concluded that students' mathematical problemsolving processes are influenced by students' beliefs about the nature of mathematics. In a more recent study of middle school students, it was shown that the less students believed in quick-fix learning, the more they were likely to believe that mathematical problem solving is useful (Schommer-Aikins et al., 2005) . It is also of interest then, whether teachers who develop deeper mathematical knowledge also change their beliefs about what is important in the learning of mathematics (Kajander, 2004; Raymond, 1997) , and whether such changes are resilient. In a recent study, in-service grade seven teachers who significantly increased their knowledge of mathematics for teaching during extensive professional development also increased their valuing of conceptual learning and decreased the value they placed on procedural learning in their classrooms (Kajander, Keene, Siddo & Zerpa, 2006; . Other research indicates that influencing teachers' beliefs and values may be essential to changing teachers' classroom practices (Ball, 1996; Cooney, Shealy & Arvold, 1998; Ross, McDougall, Hogaboam-Grey, LeSage, 2003; Stipek et al., 2001 ).
Boaler (2000) suggests that "when students learn algorithms through the manipulation of abstract procedures, they do not only learn the algorithms, they learn a particular set of practices and associated beliefs" (p. 3). Ball (1996) indicates that the subsequent teacher development process entails "revising deeply held notions about learning and knowledge" (p. 501). A situated perspective suggests that people develop knowledge through their interactions with broader social systems (Boaler, 2000; Hoyles, 1992) . Thus, preservice learning should arguably build on previous learning situated in participants' own previous classroom experiences, and should include "building on, rather than tearing down, pre-existing beliefs" (Ambrose, 2004, p. 91) .
Evidence indicates that beliefs change incrementally and gradually (Ambrose, 2004; . A purely situated perspective (for example, see Boaler, 1999 Boaler, , 2000 Hoyles, 1992) would suggest that no clear relationship should be expected between a novice teacher's professed beliefs as developed during a methods course, and her subsequent teaching practices (Skott, 2001) . On the other hand, if students (including teacher candidates) are, in fact, "active agents who develop their own beliefs and practices … shaped by the communities in which they engage" (Boaler, 1999, p. 279 ) then more favourable results might be obtained if both the preservice environment and subsequent professional development attend as closely as possible to the realities of the classroom teaching environment.
Given the incremental nature of beliefs changes, and the pressures, context and influences of the teaching environment, it is not unexpected that a number of studies report only partial enactment of novice teachers' newly developed espoused beliefs (Ambrose, 2004; Ensor, 2001; Raymond, 1997) . On the other hand, if beliefs change gradually, this might suggest that resultant changes in practice would also be gradual. Ensor reports that "school setting and the educational biography do appear to shape the ways that beginning teachers draw from their preservice courses, but not decisively" (p. 317). Hoyles (2002) suggests teachers can shape and change the culture in their own classroom. Hence, preservice courses need to develop "habits of mind to learn from the classroom" (Ebby, 2000, p. 93) . Some evidence does indeed suggest that teachers are able to recontextualise the tasks, strategies and approaches modeled in their mathematics methods courses to at least some degree (Ambrose, 2004; Ensor, 2001; Raymond, 1997; Schoenfeld, 1992; Thompson, 1992) . Beliefs about mathematics, rather than more pedagogically related beliefs, seem to relate more strongly to subsequent classroom practice, (Ambrose, 2004; McGinnis, Kramer, Roth-McDuffie, Watanabe, 1998; Raymond, 1997; Thompson, 1992) and hence form the main focus of the beliefs examined in the current study.
While volatility of beliefs remains a concern, "early and continued reflection about mathematics beliefs and practices, beginning in teacher preparation, may be the key to improving the quality of mathematics instruction and minimizing inconsistency between beliefs and practice" (Raymond, 1997, p. 574) .
Existing Instruments
Instruments to assess teacher content knowledge for teaching have been developed (Hill, Schilling & Ball, 2005) , but these measures do not address beliefs, nor are they designed to give formative feedback to teachers. While these measures do address details of particular content areas, they do not shed light on the ways in which the mathematical knowledge may be understood, unpacked or developed by individuals, the details of how such understanding might be enhanced in teacher training programs, or the role of reflection and evolving beliefs. Thus the lack of measures of teachers' content knowledge may be a difficulty in determining what features of preservice education and later professional development contribute to teacher learning (Hill et al., 2004) .
Similarly, measures exist related to student as well as teacher beliefs (for example, McGinnis et al., 1998; Ross et al., 2003; Tapia & Marsh, 2004) , but these measures have not generally been studied specifically with preservice teachers nor do they explicitly connect to teacher knowledge or values about mathematics itself. We need measures which examine and unpack (Adler et al., 2005; Ball et al., 2000) different types of mathematical knowledge such as procedural and conceptual knowledge (McCormick, 1997) , as well as the relationship of such knowledge to beliefs about the nature of mathematical thinking and beliefs about what kinds of learning should take place in mathematics classrooms (Ambrose, 2004) . Additionally, ways must be found, based on adult learning principles, to provide preservice teachers with feedback about their own strengths and weaknesses in a way that motivates them to invest in deepening their own understanding; simply telling preservice teachers their mathematical understanding is "poor" will likely not have a positive or motivating effect. Some positive feedback, coupled with information that motivates them to develop areas of weakness, might be a better model. Hiebert (1999) states that instructional programs that emphasize conceptual development, with the goal of developing students' understanding, can facilitate significant mathematics learning without sacrificing skill proficiency. Similar programs to deepen preservice teacher understanding are also badly needed in teacher education (Adler & Davis, 2006) where time is often at a premium. Adler and Davis (2006) cite, for example, the general absence of evaluation tasks in teacher education programs which emphasize unpacked or elaborated mathematics for teaching and state that "this kind of mathematical work is not well understood and is hard to do in the context of formalized teacher education programs" (p. 291).
Significance for Preservice Education
Deep mathematical understanding of the type needed by teachers of mathematics is not developed by taking a larger number of undergraduate courses in mathematics (Foss, 2000) . The development of such deep understanding of fundamental mathematics is not straightforward; it requires intention, commitment, and reflection; it can be challenging but highly rewarding work for teachers.
Recent research provides evidence that teachers can learn mathematics for teaching in specially designed courses, but success varies from course to course (Hill et al., 2004) . It is unclear which features of such courses are most effective.
Since preservice teachers, as other learners, come to education programs holding beliefs based on their prior experiences, and if their own experiences of learning mathematics in school consisted mostly of memorizing procedures (Ambrose, 2004) then new and deeper experiences are required. What teachers bring to the process of learning to teach affects what they learn (Ball, 1996) . Important features of successful programs may be to foreground mathematical content (Hill et al., 2004) and to include rich experiences coupled with reflection (Ambrose, 2004; Ball, 1996; Schmitt & Safford-Ramus, 2001 ) to enhance resiliency of new beliefs. Probing more carefully into the content of professional development courses to identify curricular variables associated with teachers' learning (Hill et al., 2004) and beliefs (Stipek et al., 2001 ) is necessary to determine features of successful courses and how such features support later classroom teaching practice.
Purpose of Study
Preservice education in the Canadian province of Ontario, as elsewhere, suffers from a shortage of time to support student teachers' evolving content knowledge for teaching as well as to address pedagogical issues. Hence it is crucial that this time be used as effectively as possible, and be based on research specifically about preservice teachers' needs and learning. The current study focused on investigating the mathematical understandings for teaching held by grade four to ten (junior-intermediate) teacher candidates, as well as their beliefs about mathematics and how it should be taught. Mathematical understanding was examined under the dual lenses of procedural knowledge and conceptual understanding similar to the framework used in the Ma (1999) interviews. These characteristics were examined using a written survey, and were re-examined at the end of the methods course to look for change and to probe for possible relationships. Pretest results were shared with participants at the next class, and discussion followed to support their individual reflection and goal-setting for the course.
Objectives
Specific objectives included developing, refining and validating an instrument for assessing both preservice teacher knowledge and beliefs about mathematics, which would also be used by preservice teachers for the purpose of receiving feedback and for participants to subsequently use for self-reflection and goalsetting. Due to the shortage of available time in the current preservice program, it was desired to have the instrument require as little classroom time as possible to administer.
The following research questions were of interest:
• What relative levels of both procedural knowledge and conceptual understanding do these samples of incoming teachers of mathematics demonstrate?
• What beliefs about mathematics knowing, learning and teaching are held by incoming pre-service teachers? • How might teachers' knowledge and beliefs evolve during a standard methods course?
Method
Data was collected in written survey form from just over 100 preservice teachers at the beginning and end of their mathematics methods courses taken in their certification year, for two years. The instrument gathers data about both beliefs about mathematics, and knowledge about elementary mathematical concepts. More specifically, the POM (Perceptions of Math) instrument examines components of mathematical knowledge based on the spirit of the Ma (1999) interviews as well as other surveys of undergraduate students (Kajander & Lovric, 2005) and attempts to unpack this knowledge based on ideas of procedural and conceptual knowing (Byrnes & Wasik, 1991; McCormick, 1997) . The instrument also probes the types of beliefs held by participants about mathematics itself and how it should be taught and learned, based on values associated with procedural and conceptual learning (Ernest, 1989; Rittle-Johnson & Koedinger, 2002) . The most recent version of the survey, used to generate the 2005-2006 preservice data, is provided in the Appendix. An initial version of the survey was administered in [2004] [2005] . The beliefs portion of the survey was revised based on item analysis after this first administration. In a parallel study with in-service teachers, the survey was subsequently administered to a sample of in-service grade 7 teachers along with other standard measures of teacher knowledge and beliefs (Ross et al., 2003) providing initial validation for the new instrument with inservice teachers (see . The beliefs portion of the survey was then further revised and the instrument was readministered to the second sample of preservice teachers during the second year of the current study in 2005-2006. Survey scoring was done by two graduate students working with the researcher to provide standardization, based on methods developed previously (Kajander & Lovric, 2005) . Procedural knowledge questions were scored out of two points. One point was awarded for showing the beginning of a method that could have led to a correct answer but had some flaw such as a computational error; two points were awarded for a solution leading to a correct answer (the quality or efficiency of the method was not accessed). Conceptual knowledge was also scored on a two point scale. Participants who were able to do any one of providing an example or story problem, model or diagram, or mathematical justification to support the calculation they had just done, received two points. An incomplete response scored one point. A reiteration of a rule (for example, "because I know two negatives make a positive") scored no points.
Results and Discussion
The survey yielded scores in four variables. These were Procedural Values, or participant beliefs about the importance of procedural learning in mathematics (PV), Conceptual Values, or beliefs about the importance of conceptual learning in mathematics (CV), Procedural Knowledge, or demonstration of ability to find the correct answer to elementary mathematics questions (PK), and Conceptual Knowledge, or the ability to explain, model, give an example or do the question another way, in order to show understanding of how or why the method worked (CK).
Reliability of the beliefs portion of the survey at the post-test in year one using Chronbach's alpha were established at O.78 for Procedural Values and 0.70 for Conceptual Values, and in year two using the revised survey at .78 for Procedural Values and .82 for Conceptual Values. The same questions were used at the pretest and post-test within each year's sample.
The knowledge portion of the survey remained largely unchanged from year 1 to year 2 although very slight wording changes were made, and scores were highly consistent. See Table 1 for a summary of the mean pretest scores, each shown scaled out of 10, for the two years. 
Discussion of pretest results
According to the survey, the preservice teachers studied appear to have believed relatively strongly in the importance of both procedural as well as conceptual learning in their classrooms when they arrived in the methods course. The pre-test knowledge scores are consistent with findings in other research (for example, see Ball, 1990; Ma, 1999) , and once again underscore the urgency of the situation. While procedural knowledge scores might be seen to be adequate as an initial position (the survey was administered with no warning), the conceptual knowledge scores have a consistent mean score of about one out of a possible 10 points, or 10%, each year. In fact the mode score in both years was a startling zero.
Figures 1-4 provide a few samples of student work on selected questions from the instrument. Each Figure shows the work of one student on both the pretest and the post-test. The samples of work at the pretest illustrate the quantitative data; it was found that when teachers were asked to explain how or why a method worked, they generally fell back on only explaining the steps in the procedure they used. It should be reiterated that in scoring for conceptual understanding, multiple explanations were not required; any reasonable example, justification or explanation was accepted, i.e., participants received two points if they were able to provide any plausible evidence of understanding. Examining the individual post-test work in the Figures shows that some of the work which received a full 2 points, while much improved over the pretest, might arguably still not be a "complete" explanation. If the survey questions chosen could be agreed upon as one possible subset of the ideas which might be important for intermediate teachers to know and deeply understand, then the results show that these teacher candidates were nearly unable initially to demonstrate any of the abilities cited as important by Ma and Ball in terms of understanding and unpacking mathematical ideas such as by coming up with suitable models or examples, explaining or justifying a method mathematically, or providing alternative solutions. Furthermore, the discussion and illustration of important ideas of reform in such methods courses-such as exploring how one might encourage and examine alternate mathematical models and solution methods with students-is quite ridiculous if preservice teachers are not able to effectively describe even one model. The implication for the content of methods courses for such teachers is clear: deepened mathematical understanding must be supported before discussions about reform based pedagogy have any hope of bearing fruit. As Adler, Ball, Krainer, Lin and Novotna (2005) underscore, we must further explore ways to teach both mathematics and teaching in the same program. Clearly, the mathematics itself is crucially important in the developmental process.
Post-test results
Changes were seen by the post-test in both years. Table 2 shows the post-test mean results over both years. Conceptual knowledge scores, while still lower than procedural knowledge, are shown to have increased substantially from the pretest in each year. Significant change was found in all four variables from the pretest to the post-test, in both years of the study, (p<.05) using a repeated measures t-test. Both knowledge scores increased significantly, as did conceptual values. Also of interest is the drop in procedural values. In other words by the end of the year participants generally answered the survey by rating somewhat lower the items related to the importance of focusing on procedural learning, for example requiring students to demonstrate fluency in set methods, in their own classrooms-see Tables 3 and 4 . This might be considered to be consistent with a shift towards reform based beliefs. Figures 1-4 also show the post-test response for selected questions for four sample students. Examining these responses shows some change in students' arguments; answers attempt to use models and diagrams, and explain why the method makes sense or what is happening. Teachers generally showed some evidence of their attempts to make sense of these methods by the post-test, although a number of the explanations were incomplete.
Discussion
Results provided from the current study appear to support Hill and Ball's (2004) claim that mathematical understanding for teaching can be increased by a single course experience. However, I would argue that the post-test level of conceptual understanding demonstrated by many participants according to the current instrument is still highly inadequate for classroom teaching, and that more time must be allowed for such learning by preservice teachers if they are to teach effectively.
Questions on the beliefs portion of the POM survey were carefully crafted so that it would be possible to be simultaneously high in both procedural values and conceptual values without self-contradiction. For example, participants might agree both with the statement "Accurate and efficient calculation skills are highly important in mathematics" (procedural values) and with the statement "It is important to develop connections between related ideas and models in mathematics" (conceptual values). It is interesting to note that even so, procedural values dropped significantly during both years of the study, while conceptual values rose. This may be indicative of a shift toward the kind of beliefs often associated with reform based teaching, and away from more traditional beliefs. It may be interesting to note that the deepened interest in conceptual understanding seemed to also be accompanied by a willingness to relax more traditional or procedural goals.
In a related study of in-service grade 7 teachers using a slightly different version of the same instrument , a significant drop was also seen in procedural values as well as a significant increase in conceptual values, after intensive mathematics-based training. These beliefs changes accompanied a significant increase in knowledge of Number and Operation content as measured by the Content Knowledge for TeachingMathematics (CKT-M) middle school instrument of . While at this point we can not pinpoint the exact reasons for these changes, some consistency of results is being observed; as preservice (and inservice) teachers deepen their understanding, their beliefs about the value of conceptual learning appear to be enhanced, while their concern with the learning of procedural methods appears to diminish. It could be conjectured that such changes might accompany a shift towards a more reform-based conception of mathematics learning. As teachers claim to want to focus more on deep understanding in their classrooms as well as being able to demonstrate deeper understanding themselves, it appears they may also state more willingness to rethink some of their previously held goals in mathematics learning such as focusing strongly on procedural learning. Given that classroom teachers face many day to day decisions relating to use of time, their beliefs will ultimately influence their classroom teaching decisions. For example, a teacher observing students solving problems in a hands-on manner in her classroom will have to decide at what point (if ever) to draw the class together and suggest a standard method, or whether to continue to invest time in student investigation and a sharing of alternate student generated methods, which, while they may ultimately deeply enhance understanding and encourage meaningful generalisation, may or may not be the most efficient for developing computational fluency.
While the newly evolved beliefs of the preservice participants in the study were indeed situated initially in a preservice program, recommendations from the literature were considered in the design of the methods course. The mathematics content itself was forgrounded (Hill & Ball, 2004) , activities were grounded as much as possible in classroom practice (Boaler, 2000) , experiences to support changed beliefs about mathematics were provided (Ball, 1996; Raymond, 1997; Schoenfeld, 1992; Thompson, 1992) , and extensive self-reflection was encouraged (Ball, 1996; Raymond, 1997) . Participants with low conceptual knowledge (CK) scores who espoused believing in conceptual learning at the pretest (CV) were encouraged to reflect on their own scores and set goals for their own learning; most participants immediately reflected that deepening their understanding had to be a major goal for them in the course.
An examination of the subsequent classroom practices of the teachers involved in this project would add to this research, and this process has in fact begun. An initial interview and classroom visit to one first year teacher from the current study whose knowledge and beliefs shifted by a more than typical amount during the methods course according to the instrument, showed significant evidence of enacted beliefs and practices as supported by the goals of the methods course. Further work is on-going and appears promising.
Recommendations
Developing effective preservice mathematics classroom environments
It is argued that teachers' initially weak conceptual understanding and high valuing of conceptual learning could potentially shape and define their choices of developmental goals, as supported by principles of adult learning theory (Schmitt et al., 2001) . A powerful experience after coming to see this personal need is to feel the excitement of "really understanding" a piece of mathematics deeply (often for the first time), which can be very pleasurable (Schmitt et al.) . Preservice teachers' self-reflection about their initial capacity, followed closely by an experience in deepened conceptual understanding, might have the potential for a powerful effect on participants and may encourage the decision to continue to invest strongly in deepening their conceptual knowledge in subsequent mathematical content areas. This development might then also be reflected in later instrument scores. As participants' mathematical power increases, so does their valuing of this type of learning, thus reinitiating the cycle.
In my own experience working with preservice teachers, I have found that their passionate desire to make their classrooms better places for childrens' learning is a powerful motivator for their own learning. Continually situating preservice mathematics classroom experiences as much as possible in the context of childrens' classroom learning, and reflecting on such learning, may have the potential to deepen mathematical understanding and change teachers' beliefs about mathematics. While participants tend to initially have a restricted view of the subject typically based on the notion that mathematics is largely about using procedures to generate correct answers, relating their own preservice classroom experiences to their own deep learning of fundamental mathematics, and reflecting on such examples as sites for future student learning, appears to support an initial shift in beliefs about mathematics itself. Teachers begin to see mathematics as a tool for thinking about ways to solve new problems which require deep understanding of concepts rather than simply consisting of poorly understood algorithms learned by rote. Such rich learning can be intrinsically enjoyable and motivating for adults (Schmitt et al., 2001 ) and needs to be provided at the preservice level.
Concerns about the extent and resiliency of the shift in beliefs remains. Preliminary evidence indicates that it may be possible for some new teachers to recontextualise (Ensor, 2001) their new conceptions to their own classroom work, and teachers may also continue to develop their beliefs through further effective professional development . Situating the preservice mathematics learning in terms of childrens' deep learning of the mathematics, and insisting on teacher self-reflection, may be important aspects of the teacher development process.
Limitations
Since the main researcher in this study was the course instructor, a limitation may be that participants' answers on the post-test were influenced by perceptions about the instructor's beliefs. However, participants were very aware of the coding system used to ensure anonymity; hence we attempted to minimize this effect.
Due to time limitations, the survey needed to be short. Hence the knowledge questions were few, and may not be fully representative of knowledge areas needed for teaching. Further study may be needed with an expanded topic list.
Conclusions
This study adds to other largely US studies that illustrate preservice elementary teachers' inadequate understandings of mathematics for teaching. Preservice intermediate teachers in the current study were shown to arrive at their mathematics methods course demonstrating little ability to model, explain, justify or provide an alternate method for mathematical procedures they were able to do, and these results were very consistent over a two year period.
After participating in a methods course which focused directly on conceptual knowledge of mathematics for teaching, substantial improvements were seen for many participants in conceptual understanding, according to a written instrument. However, this understanding was still far from adequate even for fundamental ideas such as basic operations with whole numbers, fractions, decimals, and integers, as well as basic measurement and patterning relationships.
Shifts were also seen in participant beliefs, which appeared to evolve to a more reform based or problem solving based conception overall. By the end of each year's course, preservice teachers seemed to be less concerned with teaching traditional procedures and even more interested in supporting deep student understanding. Such outcomes might be thought of as desirable goals for a reform based mathematics teacher education program, and thus the instrument might potentially provide a vehicle for preservice instructors to use in gauging their own growth as teacher educators.
Further study is needed to investigate how more enhanced growth can be facilitated for teacher candidates during their teacher training programs and elsewhere, in order to more fully prepare them for high quality classroom mathematics teaching. As well, the resilience of the newly developed beliefs needs further study. This study has attempted to suggest factors which may be important to consider in assessing preservice teacher growth and has provided a possible initial framework for such investigations.
APPENDIX
Perceptions of Mathematics "POM" Survey
Research has shown that the prior ideas and understandings about mathematics that are brought to classrooms by teachers are very important in terms of how teachers will decide to teach mathematics. It is important to honestly assess what your current understanding is, in order to move forward as a teacher. This survey will have no bearing whatsoever on any course grades or evaluations, but rather will help you make some decisions about how to best focus your learning. You will have an opportunity to reassess yourself at the end of the year. You may find the survey 'hard' in places at this point. This is to be expected-don't be alarmed!
Completing the survey will allow you to create your own personal mathematical 'Profile', which will give you an idea of how you understand mathematics, and how you value different types of mathematical learning opportunities. There is no 'right' answer -everyone will be different.
This year you have a chance to think about what kind of teacher of mathematics you want to become, and to move towards that goal. This survey is designed as an important first step in determining and achieving your goals.
Values Questions
Please answer these questions by circling the response, where 0 is low or poor or disagree, and 3 is high or positive or agree. Please do not add other responses such as "not sure"-choose the closest response to your feeling.
1)
It is important to me to be able to get the correct answer to math questions. 2)
It is important to me to really understand how and why math procedures work. 0 1 2 3
3)
It is important for everyone to be able to accurately do basic math calculations such as addition or multiplication, without a calculator. It is important to be able to recall math facts such as addition facts or times tables quickly and accurately. It is the teacher's job to teach the steps in each new math method to the students before they have to use it. Is it true that as the perimeter of a rectangle increases, so does the area? Explain.
[For scoring instructions contact the author.]
